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Why go underground?

Low Background Particle / Astroparticle Physics
• Atmospheric, solar & supernova neutrinos
• Reactor and accelerator neutrinos
• Neutrino-less double beta decay
• Direct dark matter searches
• Nuclear astrophysics / stellar reactions
• Misc. rare-decay processes

Other ‘Multi-disciplinary’ studies
• Cosmic rays studies
• ULB Gamma counting & spectroscopy
• Misc. Geology/geophysics
• Geo-microbiology & life in extreme environs
• Astrobiology
• Etc…
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What’s needed from an underground lab? (1)

Cosmic ray Muons…
• Deep underground facilities provide rock overburden & 

commensurate reduction in c.r. flux & spallation induced 
products (neutrons)

Neutrons… 
Production from
• c.r. muon spallation
• U/Th fission
• α, n reactions

Gammas….
• Reduction in γ-ray background at higher 

energies from c.r. and neutron reduction
• Below 3.5MeV dependent on local 

geology

Radon….
• Dependent on local geology 

& ventilation

Low Backgrounds…
Muon Flux vs. Depth

Gamma 
backgrounds

Boulby 1400



Other Factors:
Science and operations support:

– Good surface & underground infrastructure & support facilities
– Reliable utilities: power, ventilation, heat management, water, gases/liquids
– Good Health & Safety and security systems for underground use
– Scientific support personnel: design, construction, operation/analysis
– Infrastructure support and personnel: workshops, chemical labs, IT etc.
– Good ancillary science support facilities: low background assay, clean rooms etc…

Other Facility Characteristics:
– Size (monolithic or distributed; Space available)
– Ease of Access (vertical or horizontal); Max installation size limitations
– Location (neutrino flux from beam/reactor, Earth, ease of access, quality of life)
– Cleanliness and radiological interference
– Suitable geology

‘A hole in the ground 
is not a facility!’

Local Politics & funding: multi-year budgets, solid host nation support, local support 
/engagement in the facility and the science. Science community networking.

Non-infrastructure things are 
very  important too. 

What’s needed from an underground lab? (2)



Underground Labs around the world….

Boulby

SURF

SNOLAB

LNGS

ANDES

JINPING

CALLIOLAB

In mines and 
under mountains



World Deep Underground Science Labs
SNOLab (CA)

SURF (US)

ANDES (AR/CL)

LSC (ES)

Boulby (GB)

LSM (F)

LNGS (IT)

CallioLab (FI) Baksan (RU)

Kamioka (JP)

Jinping (CN)

INO (IN)

CUP-IBS (KR)

SUPL (AU)

14 DULs in operation or under construction
A large almost worldwide distributed infrastructure

Thanks to:
Ezio Previtali
Julie Puputti
Jules Gascon
Carlos Pena Garay~



LNGS / Gran Sasso Deep Underground Lab

Area: 
Volume: 

E. Previtali

3800 m.w.e.

1.1 μ / (m2 h)

• Shielded by 1400 m (3800 m.w.e.) of rock (Gran Sasso
Mountains)

• Total Muon flux 3 x10-8 cm-2 s-1

• Radon ~100 Bq/m3 with 5-8 air changes/day 
• 3 main experimental halls: 100 m long, 20 m width

and  18 m height (Vol = 180,000m3 )
• 22 experiments data taking or under construction
• Laboratory for very low radioactivity measurements



Gran Sasso Science
Neutrinoless Double Beta Decay

Dark Matter Search 

Nuclear Astrophysics

Neutrino Astrophysics

ITALY
USA
GERMANY
RUSSIA
FRANCE
SWITZERLAND
UKRAINE
SPAIN
AUSTRIA
CHINA
UK
POLAND
NEDERLANDS
ISRAEL
ROMANIA
PORTUGAL
SWEDEN
HU
BRAZIL
UAE
BELGIUM
INDIA
CROATIA
CRETE
CANADA

TOTAL USERS: N. 981 
ITALIAN USERS: N. 417 
FOREIGN USERS: N. 564 …… but also

Ø Test on quantum mechanics
• Study on Planck invariance
• Electron decay

Ø Radiobiology
• Biological effects of low radioactive environment

Ø Geophysics
• Earthquacke monitoring and study
• Analysis of water resources

Ø Ultra Trace elemental analysis
• Low radioactivity tests and measurements
• Cultural Heritage analysis
• Advanced additive manufacturing 

E. PrevitaliTAUP2021, 26 August – 3 September 2021

• 22 experiments
data-taking or 
under construction



Gran Sasso Status

Despite the pandemic outbreak:

Many experiments continue the data taking (Borexino, CUORE, etc.)

Some experiments continue the installation (XENON-nT, LEGEND-200)

LUNA-MV. Assembling. Commissioning scheduled in early 2022

LVD and Borexino decommissioning underway

Refurbishing of the underground spaces

Availability of existing infrastructures for new experiments

(inc LEGEND-1000, G3-XeDM etc)

New underground Cryo test facility for low temperature devices

Commissioning scheduled for late 2022

New STELLAR facility for material screening (16 HPGe, alpha counting, Liq scint). 

ICP-MS facility scheduled for the beginning of 2022

NOA ultra-clean facility for SiPM photosensors production, testing, packaging

Commissioning early 2022

Enlarging the lab workshop and of the 3D printing facility

A dedicated new undeground workshop will be installed

E. Previtali

LUNA-MV accelerator

STELLA (SubTErranean Low Level Assay) High sensitivity ICP-MS. 

Cryo-facility for testing of 
low temp devicesNOA clean room assembly facility

Facility 3D-Scanning



June 2022 LSM current status and plans

LSM Status & Plans

• Depth: 4800 mwe
(Deepest UG Lab in EU)

• Volume: 3500 m3

• Radon: ~15 Bq/m3

• Access: Horizontal
• Staff: ~ 13
• Projects: 7-9

Laboratoire Souterrain 
de Modane (LSM) 



n Science program adapted to LSM size:
• Low-mass Dark Matter Experiments
• 0vBB demonstrators & technologies

• HPGe array for low-radioactivity

LSM current status and 
plans



Nuclide Bq/kg
210Pb < 1,58E-02
226Ra < 1,27E-03
238U < 6,27E-03
228Ra < 3,82E-03
228Th < 8,66E-04
230Th < 1,42E-01

Planar
detector 

Limits for 
double 
beta decay 
of 58Ni

Detection limits for 
Germanium

n PARTAGe: Detectors being 
merged into a common shieldOngoing measurement: 6.5 kg of 82Se

n 22 HPGe of various volumes 
Wide variety of tested sample :
n Assay of low radioactivity material
n Environmental studies: sediment cores, 

nuclear contamination monitoring
n 2β excited states

LSM current status and 
plans

n Science program adapted to LSM size:
• Low-mass Dark Matter Experiments
• 0vBB demonstrators & technologies

• HPGe array for low-radioactivity



Canfranc - LSC

• Depth: 2450 mwe
• Volume: 10,000 m3

• Radon: 50-80 Bq/m3

• Access: Horizontal
• Rail tunnel between France & Spain



Future aims: NEXT: Ton-scale. Hyper-K construction, 
cryogenic technolgies and misc. low background R&D.



Coordinator, Jari Joutsenvaara (jari.joutsenvaara@oulu.fi)
Project engineer, Julia Puputti (julia.puputti@oulu.fi)



LOCATED AT THE 1.4 KM (4100 MWE) 
DEEP PYHÄSALMI MINE,  PYHÄJÄRVI, 
FINLAND

UNIQUE UNDERGROUND RESEARCH 
NETWORK AND INFRASTRUCTURE -
ACCESS, DEPTH,  FACILITIES

CURRENTLY SIX UNDERGROUND 
HALLS OR TUNNEL NETWORKS HAVE 
BEEN TURNED INTO MINE RE-USE 
FACILITIES: LABS.

MINING ENDS IN JUNE 2022. POST-
MINING ACTIVITIES COORDINATED 
BY CALLIO PYHÄJÄRVI – BUSINESS 
CONCEPT

MULTI-DISCIPLINARY STEERING 
GROUP  ESTABLISHED 2020

Underground Centre for Science 
and R&D

Web: calliolab.com

Accessibility: only two-hour drive away from five • airports, 
railway connection to the site. Installations in
sea containers (up to 20’) transportable via incline 



Underground Centre for Science 
and R&D

Future: Globally recognised
underground research network and 

infrastructure

Coordinator, Jari Joutsenvaara
(jari.joutsenvaara@oulu.fi)

Project engineer, Julia Puputti
(julia.puputti@oulu.fi)



Boulby Underground 
Laboratory (UK)



Boulby Underground 
Laboratory (UK)



Boulby Science Now & Future
Particle physics and ultra-low background studies

BUGS



Multi-disciplinary Science 
Earth and environmental studies, low background and/or
underground particle physics, Astrobiology & Planetary
exploration. 



Expanding Facilities & Science

There is motivation, opportunity, support to grow…

A major new UK multi-disciplinary facility…
• Funding approved for next level designs at 

1.1km and 1.4km depth options.
• A ~30,000m3 clean facility with >25m diam. 

main chamber plus ancillary rooms/spaces
• Strongly support by STFC and the mine 

operators ICL-UK.



World Deep Underground Science Labs
SNOLab (CA)

SURF (US)

ANDES (AR/CL)

LSC (ES)

Boulby (GB)

LSM (F)

LNGS (IT)

CallioLab (FI) Baksan (RU)

Kamioka (JP)

Jinping (CN)

INO (IN)

CUP-IBS (KR)

SUPL (AU)

14 DULs in operation or under construction
A large almost worldwide distributed infrastructure

Thanks to:
Ezio Previtali
Julie Puputti
Jules Gascon
Carlos Pena Garay~



Sean Paling
STFC Boulby Underground Laboratory=

Summary
• A busy and exciting time in the international underground laboratory world.
• Many interesting and major experiments now operating, under construction or planned.
• Europe has a number of important, historic and diverse underground facilities. Some 

exciting and ambitious plans for the future.
• There are initiatives being progressed to combine the knowledge, capabilities and efforts 

of the EU underground labs – sharing experience of lab operation, potentially coordinating 
users’ needs, joint development of underground science techniques. 

APOGEIA proposal submitted to HORIZON-Europe call March 
2022 (LNGS, Boulby, LSC, LSM, Calliolab, LSBB et. al.)

Overview of European Deep Underground Science 
Facilities

Europe then beyond?


